The murine 4F2 molecule Is a 125 kllodalton dlsulfide-linked heterodiraeric cell-surface glycoprotein which has been shown to be involved in the processes of cellular activation and proliferation (1). To elucidate the structure, expression, and regulation of the 4F2 molecule, a murine 4F2 heavy chain (4F2HC) cDNA has been isolated and structurally characterized. The murine 4F2HC is a 526 amlno acid (aa) type II membrane glycoprotein which is composed of a 75 aa N-termlnal intracytoplasmic region, a single hydrophobic putative transmembrane domain, and a 428 aa C-terminal extracellular domain. Comparison with the human 4F2HC cDNA reveals the highest degree of sequence identity within the transmembrane and intracytoplasraic domains. Northern blot analyses have demonstrated that the 4F2HC gene is expressed at relatively high levels in adult testis, lung, brain, kidney, and spleen, and at significantly lower levels in adult liver and cardiac and skeletal muscle. Studies designed to elucidate the pattern of regulation of the murine 4F2HC gene have demonstrated that it is induced during the process of cell activation, but is subsequently expressed at constant levels throughout the cell cycle in exponentially growing cells.
INTRODUCTION
The 4F2 cell-surface antigen is a 125 kilodalton (kd) heterodimeric glycoprotein which is composed of a 90 kd glycosylated heavy chain (4F2HC) and a 35 kd non-glycosylated light chain (4F2LC). The 4F2 molecule belongs to the set of inducible cell-surface proteins which are involved in the processes of cell growth and proliferation. For example, 4F2 is expressed at relatively low levels on the majority of quiescent cells In vivo.
However, it is expressed at high levels on all established tissue culture cell lines, and most if not all malignant human cells (2) (3) (4) (5) (6) (7) (8) . Similarly, human 4F2 is an early B and T cell activation antigen which is expressed at very low levels on resting peripheral blood B and T lymphocytes. However, 4F2 expression is rapidly induced following lectln or antigen-mediated activation of these cells (3, 7, 9, 10) . The Importance of 4F2 in the process of cell proliferation has been underscored by the finding that monoclonal antibodies directed against ©IRLPresshuman 4F2 heavy chain epitopes are able to inhibit lectin-induced T-cell proliferation (2) as well as the proliferation of a variety of tumor cell lines in vitro (8). While 4F2 expression has been correlated with the state of cell activation, the cell cycle dependence of 4F2 expression remains controversial. Several studies have reported that cell-surface expression of 4F2 is induced predominantly during the transition from GQ to G^ and does not require entry in to the S phase of the cell cycle (10,11). In contrast, other studies have suggested that 4F2 is preferentially expressed during the S phase of the cell cycle (12).
Several reports have suggested that 4F2 may mediate its effects on cellular activation by modulating the concentration of intracellular ionized calcium. Posilllco et al. (13) have shown that incubation of human parathyroid adenoma cells with a murlne antl-4F2 monoclonal antibody that is directed against a human 4F2HC epitope (2) results in an increase in intracytoplasmic ionized calcium, and an associated decrease in parathyroid hormone secretion by these cells. Michalak and coworkers (14) have reported that incubation of bovine skeletal muscle or sarcolemmal vesicles with anti-4F2 monoclonal antibodies inhibits sodium-dependent calcium exchange by these vesicles. Thus, these investigators postulated that 4F2 may be the sodiumcalcium exchange structure or, alternatively, may regulate the activity of this exchanger.
We and others have recently reported the cloning of the human 4F2HC cDNA (12, (15) (16) were isolated from the 7OZ/3 cDNA library, and forty positively hybridizing plaques were identified in the macrophage cDNA library. These plaques were purified to homogeneity by sequential hybridization with the same probe and characterized by restriction enzyme analysis as previously described (19).
Two of these clones (M4F2HC-27 and M4F2HC-50) were shown to contain 1.6-1.8 kilobase (kb) inserts and were used for all subsequent experiments.
DNA Sequence Analysis
Three methods were used to sequence the murine 4F2HC cDNAs: (1) Appropriate restriction fragments were subcloned directly from low melting point agarose (20) into M13mpl8 or M13mpl9 for single stranded DNA sequencing by the dideoxy chain termination method of Sanger (21). (11) Double stranded DNA sequencing using synthetic oligonucleotides complementary to both strands of the 4F2HC cDNA as determined in (i) above was performed following subcloning of the murine 4F2HC cDNAs into the EcoRI site of pUC13 (22). (iii) Finally, the 3' end of the 4F2HC cDNA was sequenced in Agtll using synthetic oligonucleotide primers. To sequence In the 5'-3' direction a primer complementary to base pairs 1703-1719 of M4F2HC-50 (5'-dTTTGTTCTCCCCAGGCC-3') as determined in (1) and (11) Southern blot analyses using additional restriction ondonucleases performed under both high ( Fig. 2 lanes 1-4) and low (data not shown) stringency conditions, revealed that the 4F2HC cDNA is encoded by a single copy murine gene because the M4F2HC-50 cDNA probe only hybridized to between one and three EcoRI, Kpnl, Hindlll and BamHI genomic bands.
A comparison of the human and murine 4F2HC cDNAs and predicted proteins ( Tissue 4F2HC mRNA intensity x Liver 28S rRNA intensity Liver 4F2HC mRNA intensity Tissue 28S rRNA intensity Of note, the neonatal brain RNA (*) was partially degraded and was therefore, not quantitated by this method. The two panels represent separate experiments in which equal amounts of RNA were loaded in each lane. labelled murine 4F2HC cDNA probe (Fig. i) . This probe hybridized to a single 1.8 kb band in all tissues tested. The 4F2HC gene is expressed at relatively high levels in the adult testis, lung, kidney, brain, and spleen (Fig. 3) .
Tissues expressing lower levels of 4F2HC mRNA include heart, skeletal muscle, The top panel shows an ethidium bromide stained agarose gel containing equal amounts of RNA isolated from exponentially growing BALB/c 3T3 cells which had been separated by counterflow centrifugation into cell cycle dependent subpopulations. Total RNA was prepared from the unfractionated (u) and fractionated subpopulations (Fractions 1-6 ). Fraction 1 contains exclusively cells from the Gl phase of the cell cycle, Fraction 4 is the fraction most enriched in S phase cells and Fraction 6 contains mostly cells in G2-M (39) . Northern blots were hybridized to the radiolabelled M4F2HC-27 murine 4F2HC cDNA probe (4F2) . The blots were then stripped and rehybridlzed to the human c-mvc (c-myc) and h2b (h2b) gene probes.
human peripheral blood T cells (33). Activation related genes can be divided into two subsets based upon their patterns of expression during progression through the cell cycle. Some genes (eg. the dihydrofolate reductase (DHFR) and h2b genes) are induced upon cell activation, and are preferentially expressed during a particular phase of the cell cycle (30, (34) (35) (36) . A second subset of genes (eg. the c-mvc proto-oncogene) are induced upon cell activation, but are subsequently expressed at constitutive levels throughout the cell cycle (37) (38) (39) . Two experimental systems were employed in order to determine the pattern of 4F2HC gene expression during cell activation and progression through the cell cycle. First, the expression of the 4F2HC gene was studied in quiescent NIH 3T3 cells which were activated by the addition of serum. The majority of cells in such serum-activated cultures have been shown to synchronously enter and traverse the cell cycle (40) . RNA was prepared from duplicate cultures at 0, 1, 3, 6, 12, 24 and 36 hours following serum stimulation and analyzed by Northern blot analysis with a radiolabelled murlne 4F2HC cDNA probe. 4F2HC gene expression was shown to be induced 2-fold within one hour of cell activation, and reached naximal levels at 3-6 hours after stimulation. 4F2HC mRNA levels subsequently remained stable during the next 30 hours (Fig. 4A) . Thus, in this experimental system the 4F2HC gene is rapidly Induced following cell activation and is then constitutively expressed during progression through the cell cycle. Although its precise function is unknown, previous studies have demonstrated that 4F2 is involved in the processes of cellular activation and proliferation (3, 7, 9, 10 It has been postulated that 4F2 may mediate its effects on cell growth by modulating Intracellular calcium levels. In fact, 4F2 has been suggested as a potential sodium-calcium exchange structure (13, 14) . Two experimental findings presented in this report argue against the hypothesis that 4F2 is the sodium-calcium exchange structure. First, 4F2HC mRNA is expressed at low levels in heart and skeletal muscle, two tissues active in sodium-calcium exchange (42) . Moreover, in contrast to other previously described ion channels which contain multiple membrane spanning domains (43, 44) 
